The objective of the present study was to develop a simple clinical model for predicting pulmonary embolism (PE) in patients with acute dyspnea in the emergency room.
bility of PE [13] [14] [15] [16] placed relatively large proportions of patients in the intermediate probability category, which was of limited utility to both physicians and patients. Furthermore, previous models used suspected PE instead of specific symptoms as the initial inclusion criterion for patient recruitment. [13] [14] [15] [16] This criterion, however, lacked a clear definition because, in part, different physicians had different perceptions of suspected PE. These models, therefore, led to heterogeneous populations predicted to have PE, which undoubtedly led to variable pretest probabilities [13] [14] [15] [16] and the low accuracy of these models. [14] [15] [16] Consequently, these models were of limited value in clinical practice.
The purpose of this study was to determine the efficacy of a clinical model integrating simple and readily available clinical parameters, viz. symptoms, physical findings, and the results of chest x-ray, electrocardiogram, and arterial blood gas analyses, to distinguish patients with acute dyspnea, a clearly defined and common symptom of PE, in the emergency room. Using this model, we evaluated the probability of PE in these patients.
METHODS
Study population: Fifty-six PE patients (15 men and 41 women; mean age, 62 ± 17 years) with the chief complaint of acute dyspnea (onset within 3 days) admitted to our hospital's emergency room were retrospectively evaluated. PE was diagnosed based on high probability in a perfusion lung scan or on a positive finding in pulmonary angiograms. 16) Ninety-two consecutively eligible controls with the same chief complaint (62 men and 30 women, mean age, 69 ± 15 years) and seen in the same emergency room, all of whom had a final diagnosis different than PE based on a perfusion lung scan or pulmonary angiograms, were prospectively enrolled from February to June 2003. The assessment of these patients included demographics, vital signs, initial symptoms and signs, physical findings, electrocardiograms, echocardiograms, initial arterial blood gas analysis, and chest x-rays.
A current smoker was defined as someone who had been smoking for more than 4 weeks. Chronic renal failure was assumed if the serum creatinine level was ≥ 1.5 mg/dL in men or ≥ 1.4 mg/dL in women. The definitions of predisposing factors, including immobilization (bed rest of 48 hours or more and air or road travel of 6 hours or more during the previous week), history of thrombophlebitis or PE, major surgical procedures, and trauma (of the inferior limbs, pelvis, or spine during the previous month), were similar to those of a previous report. 16) Participants were defined as undergoing hormone replacement therapy if they had been taking estrogen-containing drugs for more than 3 months before the index event. Participants with active deep vein thrombosis were documented using a leg venous duplex ultrasonogram. Patients who had crackle or wheezing on auscultation were considered to have an unclear breath sounds. Underlying diseases, such as diabetes mellitus, hypertension, and coronary artery disease, are defined elsewhere.
17)
Arterial blood gas analysis: All arterial blood samples were obtained within 30 minutes after a patient's arrival in the emergency room while the patient was breathing room air. The alveolar-arterial oxygen (a-aO 2 ) gradient was calculated using the following equation: a-aO 2 gradient (mmHg) = 150 −1.25 PaCO 2 −PaO 2 (Eq 1) where PaCO 2 = partial pressure of carbon dioxide in arterial blood and PaO 2 = partial pressure of oxygen in arterial blood. 18, 19) A high alveolar-arterial oxygen gradient was assumed if the level was higher than the age-adjusted normal range. 19) Hypoxemia was defined when PaO 2 was lower than the age-adjusted normal range, 20) and hypocapnea when PaCO 2 was less than 35 mmHg. Electrocardiographic findings: A 12-lead electrocardiogram was obtained in both groups within 30 minutes after a patient's arrival in the emergency room. Two well-trained cardiologists, blinded to the clinical condition, reviewed all electrocardiograms and made consensus interpretations. Criteria for electrocardiographic abnormalities were based on previous reports 13) : right axis (> 90°) or intermediate axis (180° to −90°) deviation; transient incomplete right bundle branch block with a positive T-wave in lead V 1 or ST elevation in lead V 1 ; S-wave in lead I, Q-wave in lead III, and inverted T-wave in lead III (S 1 Q 3 T 3 ); S-wave in lead I and aVL > 1.5 mm; T inversion in lead III and aVF but not in lead II; T inversion in lead III and aVF or lead V 1 to V 4 ; ST elevation mimicking acute myocardial infarction; and pathologic Q wave mimicking acute myocardial infarction. Any one or more of the above abnormalities, if new, was suggestive of right ventricular overload.
13)
Chest x-ray: A chest x-ray was obtained within 30 minutes after a patient's arrival in the emergency room. Two physicians blinded to the clinical condition reviewed all chest x-rays and determined whether the lung field was clear or infiltrated. Transthoracic echocardiography: Standard 2-dimensional and color Doppler echocardiographic examinations using a transthoracic approach were performed using a commercially available ultrasound system (Sonos 1000; Hewlett-Packard Co., Andover, MA, USA) with a 2.5-MHz phased array transducer in both groups. Echocardiographic images recorded on video tape were interpreted by 2 cardiologists using off-line playback. Echocardiographic parameters of right ventricular strain are defined elsewhere [20] [21] [22] and are summarized as follows: (1) right ventricular end diastolic diameters ≥ 2.5 cm in the parasternal long-axis view, (2) right ventricular end diastolic diameters ≥ 3 cm in the apical four-chamber view, (3) mid-free-wall hypokinesia or akinesia of the right ventricle with relatively preserved apical wall motion, 22) (4) visible thrombus in right heart or pulmonary trunk, and (5) paradoxical septal motion in the short-axis view. 20) Patients with one or more of the above echocardiographic findings were considered to have positive right ventricular strain. Perfusion lung scan: Lung scans were performed using 99m Tc-labeled human albumin microspheres. The perfusion lung scans consisted of anterior, posterior, and both anterior-oblique views, with 750,000 counts per image for each. A highprobability scan was modified as (1) two or more large (> 80% of a segment) segmental perfusion defects without corresponding chest x-ray abnormalities, (2) one large segmental perfusion defect and more than two moderate (≥ 25% of a segment) segmental perfusion defects without corresponding chest x-ray abnormalities, or (3) 4 or more moderate segmental perfusion defects without corresponding chest x-ray abnormalities.
10)
Pulmonary angiography: Pulmonary angiography was performed in the anteriorposterior and lateral views using a nonionic contrast medium (Ultravist; Schering AG, Berlin, Germany) injected into the main, right, and left pulmonary arteries. Direct visualization of an embolus or thrombus or an intraluminal filling defect consisting of 2 or more different views, or after repeated injection, was required for a definite diagnosis of PE. 23, 24) Statistical analysis : The clinical characteristics between patients with and without PE were compared using Student's t-test for continuous variables and the chisquare test or Fisher's exact test for categorical variables. Multiple logistic regression analysis was used to select the most important predictive factors for PE. All descriptive variables are presented as the mean ± standard deviation (SD) or frequency (%). All results were considered statistically significant when the twosided P value was < 0.05. All analyses were performed using SPSS 10.0 for Windows (SPSS Institute, Chicago, IL, USA). For the assignment of individual patients into the high (> 70%), intermediate (30-70%), or low (< 30%) probability group for PE, backward prediction of the likelihood of PE was calculated by summing the products of coefficients of each predictive variable and variable status. The prediction was then compared with the findings from the perfusion scan or angiogram to determine the positive and negative predictive values.
RESULTS

Elaboration of pretest model:
Patients with PE were younger than controls (62 ± 17 versus 69 ± 15 years, P = 0.004) ( Table I ). The only significant differences in underlying disease between the PE and control groups were left heart failure (5.4% versus 16.3%, P = 0.048), chronic lung diseases (5.4% versus 34.8%, P < ) and others are expressed as number (%). * PE indicates pulmonary embolism; chest pain, typical chest pain; hemoptysis, the expectoration of blood from the respiratory tract; shock, systolic blood pressure < 90 mmHg with target organ damage; S 1 Q 3 T 3 , S wave in lead I and Q wave in lead III and inverted T wave in lead III; SI aVL, S wave in lead I and aVL; TV 1 V 4 , T inversion in leads V 1 to V 4 . 0.001), and active deep venous thrombosis (41.1% versus 0, P < 0.001). Fewer PE patients than controls complained of cough and chest tightness (16.1% versus 54.3%, P < 0.001; 23.2% versus 44.6%, P = 0.009). Syncope occurred only in PE patients (19.6% versus 0, P < 0.001). PE patients had a higher rate of unilateral leg edema than did the controls (35.7% versus 1.1%, P < 0.001). More controls than PE patients presented with an unclear breathing sound (73.9% versus 26.8%, P < 0.001). Arterial blood gas analysis revealed a higher incidence of hypoxemia (85.7% versus 50.0%, P < 0.001) and a higher alveolar-arterial oxygen gradient (87.5% versus 53.3%, P < 0.001) in the PE group than in the control group. The corresponding parameters without age adjustment showed less substantial difference in terms of hypoxemia, defined as PaO 2 < 80 mmHg, (85.7% versus 63.0%, P = 0.03 without age adjustment and 85.7% versus 50.0%, P < 0.001 with age adjustment) and AaDO 2 (92.9% versus 73.9%, P = 0.04 and 87.5% versus 53.3%, P < 0.001). PE patients had a higher incidence of clear chest x-rays (66.1% versus 23.9%, P < 0.001) and signs of right ventricular strain in electrocardiograms (78.6% versus 31.5%, P < 0.001) than did controls. The final diagnoses of patients without PE are listed in Table II. The following clinical parameters were significantly and positively associated with PE after multivariate analysis: female gender, unilateral lower leg edema, high alveolar-arterial oxygen gradient, clear chest x-ray, and right ventricular strain (Table III) . In addition, cough, chest tightness, and unclear breath sounds were negatively associated with PE (Table III) . These factors were included for the reverse prediction equation. Reverse prediction of probability of PE was thus calculated using the following equation The above 8 factors provided a composite index that divided the patients into low probability (ie, P < 0.3), intermediate probability (0.3 ≤ P ≤ 0.7), and high probability (P > 0.7) groups (Table IV) . Ninety-five percent of the patients were in either the high [n = 51 (34.5%)] or low [n = 90 (60.8%)] probability group. The positive predictive values for high probability and negative predictive value for low probability were 94.1% and 94.4%, respectively. Only 7 patients, 6 of whom received a transthoracic echocardiography examination, were in the intermediate probability group. Evaluation of pretest model: After the establishment of the pretest model, 40 consecutive patients with acute dyspnea were prospectively tested using the model. Sixteen patients (40%; 4 men and 12 women; mean age, 64 ± 16 years) had PE and 24 patients (60%; 11 men and 13 women; mean age, 68 ± 14 years) did not. The final diagnosis in non-PE patients included congestive heart failure (n = 7), chronic obstructive lung disease (n = 5), pneumonia (n = 5), asthma (n = PE indicates pulmonary embolism. a The first percentage figure represents n relative to the probability group (row), and the second represents n relative to the patient group with PE (column). b The first percentage figure represents n relative to the probability group (row), and the second represents n relative to the patient group without PE (column).
2), lung cancer (n = 1), sepsis (n = 1), acute coronary syndrome (n = 1), hyperventilation syndrome (n = 1), and renal failure (n = 1). Fourteen of the 40 patients (35.0%) were in the high probability subgroup and 23 (57.5%) in the low probability subgroup. The positive predictive values for high probability and negative predictive value for low probability were 92.9% and 91.3%, respectively. There were only 3 (7.5%) patients in the intermediate probability subgroup (Table V) .
DISCUSSION
We established a useful clinical model integrating readily available clinical parameters to differentiate emergency room patients with PE from other patients with acute dyspnea. The majority of patients with acute dyspnea were categorized as high probability (34.5%) or low probability (60.8%) with excellent predictive accuracy: 94.1% and 94.4%, respectively. Only a small portion of patients (4.7%) was categorized as intermediate probability. The values for every parameter used in this predictive equation were readily available in the emergency room and did not need interpretation by a specialist. When tested with 40 patients with acute dyspnea, the pretest model yielded high positive and negative predictive values of 92.9% and 91.3%. Therefore, this model is very practical and useful for predicting, in the emergency room, which patients with acute dyspnea have and do not have PE. Facts in previous studies: Many researchers have been working to improve a clinician's ability to accurately diagnose PE. The algorithm used in the present study came from the PISA-PED data bank of 500 patients with suspected PE, from which the prediction logic was derived from clinical symptoms: electrocardiographic signs of right ventricular overload, radiographic signs of hypovolemia, PE indicates pulmonary embolism. a The first percentage figure represents n relative to the probability group (row), and the second represents n relative to the patient group with PE (column). b The first percentage figure represents n relative to the probability group (row), and the second represents n relative to the patient group without PE (column).
Vol 47 No 2 amputation of the hilar artery, and pulmonary consolidation. 15) Since then, other studies 13, 16) have used a similar algorithm with good results. It is difficult to compare these studies and ours, because the algorithm in each has been modified from the original, 15) and because not all the studies have presented their data in precisely the same way. We have, however, compiled 2 tables with comparable facts from each study. They illustrate the usefulness of this approach. Table VI shows the number of patients examined, how many were placed in each probability group, how many were actually diagnosed with PE, and what the positive and negative predictive accuracy rates for each study were. Table VI also demonstrates that our algorithm was most successful in reducing the number of patients placed in the intermediate probability of PE category and increasing the number correctly placed in the high and low probability categories. Table VII compares the major variables considered important in each model and how many of these are shared by the 4 models. More work on defining an even more accurately predictive algorithm, however, needs to be done.
Comparison with previous studies:
(1) Fewer patients with intermediate probability of PE. The proportion of patients with intermediate probability of PE in previous studies is higher than that in our study (22% 15 , 32% 14 , 33% 13 , and 44%
16
, versus 5%). The difference is substantial. With a higher proportion of intermediate probability of PE, more sophisticated diagnostic modalities, such as helical contrast chest computed tomography, ventilation-perfusion lung scans, or pulmonary angiography, will be needed to make the differential diagnosis. (90) 60 (12) 25 (10) Wicki (2001 n indicates number of patients examined; Mod, moderately; Int, intermediate; PE, pulmonary embolism; +Pred %, positive predictive accuracy; -Pred %, negative predictive accuracy; Grp, group; and NA, not applicable. a The probability that patients assigned to this group had PE. b The authors do not provide this information, only the totals at the end of the 2 rows. c The authors assigned points, not percentages, based on signs and symptoms. The higher the score, the greater the probability of PE. d 104 of 1090 patients had missing data and were not included in the analysis of the 986 patients with complete data. e Positive predictive accuracy for the high-probability group. f Negative predictive accuracy for the low-probability group.
(2) Different inclusion criteria. Because of variable and nonspecific presentations of PE, ranging from mild to severe symptoms and signs, it is usually difficult to accurately diagnose or successfully exclude PE based simply on the initial evaluation. Previous studies [13] [14] [15] [16] used suspected PE instead of a specific symptom as the inclusion criteria for the pretest model. This might have included a more heterogeneous sample and consequently resulted in a higher proportion of patients in the intermediate probability of PE category and lower pretest accuracy. In our model, the inclusion population was only patients with acute dyspnea, one of the most common symptoms of PE. 9, [25] [26] [27] [28] [29] With a single definite symptom, the inclusion population will be more homogenous and lead to a smaller population with intermediate probability of PE and to higher predictive accuracy. This may account for the differences in pretest results between the present study and previous studies.
(3) Less Subspecialty Required. In the present study, the values of all clinical parameters were readily available and interpretable by primary physicians in the emergency room. In contrast, the initial evaluation in previous studies was done by pulmonologists. 13, 15) Moreover, chest x-rays were interpreted by radiologists or pulmonologists. Radiologists or pulmonologists can easily recognize many radiographic findings of PE, such as atelectasis, the Westermark sign, or the Hampton hump, [28] [29] [30] which may not always be recognized by every primary physician. Therefore, any given diagnostic algorithm including very specific radiographic findings may render it difficult for a primary physician and less accurate in predicting PE. A simpler way of interpreting chest x-rays is by categorizing the lung field as clear or not clear, as we did in the present study; it is less precise but more readily understandable to a primary physician.
(4) Age-adjusted interpretation of arterial blood gas. As people age, their alveolar-arterial oxygen gradient increases; therefore, their arterial blood gas data must be cautiously interpreted by taking their age into consideration.
20 ) The 3 studies discussed above [13] [14] [15] [16] did not adjust arterial blood gas data for age differences. Some authors 31) have claimed that single arterial blood gas data might not be of value in diagnosing PE. Our study showed that with an age adjustment, the statistical difference in hypoxemia between patients with and without PE was even more substantial. This may have contributed to greater accuracy in our predictive model and to the smaller proportion of patients in the intermediate probability of PE group. Limitations: Because our model was derived from patient data in the emergency room, theoretically, it may not readily apply to in-patients with similar complaints. Moreover, our study also enrolled more female patients than the 3 other studies discussed here. The validity of this model for both genders needs further evaluation. In addition, D-dimer is not available in every case in this retrospective study, although it is currently a very important laboratory test to diagnose PE. Furthermore, patients with acute dyspnea admitted to the emergency room without a room-air arterial blood gas report were excluded. Finally, our model was derived from use on a relatively small population compared with the models in the 3 other studies discussed. This may weaken the predictive power of our model when it is applied to a significantly larger population. A larger-scale prospective test of this model is warranted. Conclusion: In conclusion, we have developed a practical clinical model requir-ing no specialist interpretations to predict PE in patients with acute dyspnea.
